S1. Materials and methods

1
S1.1. Catchment wide rainfall estimates 2
The calibration of the TRMM 3B43 v.7a data and calculation of catchment wide 3 rainfall for the Kosñipata catchment used the following series of steps: (1) For individual 4 meteorological stations, monthly rainfall (mm month -1 ) was compared to the TRMM data
5
(mm month -1 ) and a linear regression was determined (Table S8) . (2) These regression 6 equations were used to estimate a calibrated monthly rainfall (mm month -1 ) for the 9 7 meteorological stations for each TRMM month from 1998 to 2012 (n = 180). The mean 8 annual estimated rainfall (mm yr -1 ), from adding these monthly values over each year, ranged 9 from 1600 to 5260 mm yr -1 for the various meteorological stations (Table S2 ). The mean 10 monthly estimated rainfall for the study period calculated by this method coincided well with 11 the measured meteorological station rainfall (Fig. 2a) . ( in the main text and summarised in Table S3 . (7) For our study period, the monthly data were 22 summed to yield seasonal and annual estimated rainfall. The estimated catchment wide 23 monthly rainfall data from the TRMM study period (1998 to 2012) was summed to yield
24
annual results (mm yr -1 ; Table S5 ). Our rainfall results generally agree with rainfall estimated 25 throughout the Andes using a correction of a TRMM 3B42 v.7 3-hourly rain rate data set 26 with meteorological station rainfall data (Lowman and Barros, 2014 In the Kosñipata River at the San Pedro gauging station (13°3'37"S, 71°32'40"W;
30
1360 masl), river velocity was measured using handheld velocity meters and, during portions 31 of the year when it was too dangerous to enter the river, using a float method with 5
32
replicates (Baud et al., 2005; McMahon, 1957) . Metered stream velocity was measured with a
33
Flow Probe (Global Water FP101); this probe records average and maximum stream velocity 34 across the full cross-section of the river. We corrected all float-measured velocities based on 35 the regression of mean velocity and max velocity measurements. As a check on our 36 measurements, we compared our corrected maximum velocity with a theoretical difference between the empirical velocity measurements and those determined from theory 44 using these S and R values ranged from -9.7% to 13.1%, with a mean difference of 0.65% (n 45 = 7). Given the range of assumptions in both the theoretical and empirical values, we view 46 this similarity as encouraging validation of our methods.
47
Discharge was calculated by multiplying corrected velocity times the river cross-48 sectional area, determined by measuring in-stream river profiles and out-of-stream bank area 49 at low flow several times over the span of the study. Discharge and river stage height were 50 used to construct a power-law stage-discharge rating curve for the Kosñipata River at the San ( 1)
The Kosñipata River measured at the San Pedro gauging station had an almost 53 continuous river height record for the study year, from a pressure transducer (Global Water
54
W16 level logger) recording river height every 15 minutes. The instantaneous discharge 55 associated with each height measurement was calculated using Eq (S1). During the gap in 56 logger between mid-July and early-August, three manual river height measures were taken 57 and linear interpolation was conducted on daily mean discharge to fill-in the gap. Monthly 58 instantaneous discharge (m 3 s -1 ) was determined from the total monthly flow, and seasonal 59 discharges (m 3 s -1 ) and annual discharge (m 3 s -1 ) were determined from the monthly 60 instantaneous discharges by summing over the appropriate time periods.
61
Baseflow was determined for the Kosñipata River at the San Pedro gauging station 62 using the method outlined in Gustard et al. (1992) : (1) The 5-day minimum mean daily 63 discharge was determined for non-overlapping 5 day blocks over the study period. (2) The 5-64 day minima were multiplied by 0.9, and if this value was less than either the preceding or 65 subsequent 5-day minimum, it was assigned to be part of the baseflow. D of -17 ± 3 ‰ km -1 and -22 ± 2 ‰ km -1 for dry and wet season conditions respectively.
178
Using the difference in the median elevation between the two catchments, these lapse rates 179 predict a D offset of 8.5 ± 1.5 ‰ or 11 ± 1 ‰ for dry or wet season conditions respectively.
180
Broadly, these predicted offsets are consistent with our data. (0 ≤ f ≤ 1) mixing proportions are presented in Table S7 . The effect of the analytical (Table   219 S4b).
220
S2. Results
221
S2.1. Isotopic analyses
222
Rainwater δD and δ 18 O values display considerable seasonal variation whereas 223 variation with elevation during a given season is less pronounced (Table S4a ; Fig. S1 ). O + 11.27 (Rozanski et al., 1993; Craig, 1961 the mixing model ( Fig. S1 ; Table S4b ). Dxs has been used as a tool to evaluate water The Kosñipata sub-basin of Wayqecha had a lower catchment wide rainfall than the 256 larger catchment at San Pedro (Table S5 ). This was apparent in the distribution of rainfall 257 throughout the catchment ( Fig. 2d ) and reflects variation in annual rainfall as a function of 258 elevation (Table S2 ). Seasonal differences suggest that the wet season is slightly more 
S2.2.2. Discharge and runoff
264
The Wayqecha sub-basin in the Kosñipata catchment, with a mean elevation 3195 Gilmanov, T. G., Soussana, J. F., Aires, L., Allard, V., Ammann, C., Balzarolo, M., Barcza, Z., Bernhofer, 323 C., Campbell, C. L., Cernusca, A., Cescatti, A., Clifton-Brown, J., Dirks, B. O. M., Dore, S., 324
Eugster, W., Fuhrer, J., Gimeno, C., Gruenwald, T., Haszpra, L., Hensen, A., Ibrom, A., Jacobs, 325 A. F. G., Jones, M. B., Lanigan, G., Laurila, T., Lohila, A., G.Manca, Marcolla, B., Nagy, Z., 326
Pilegaard, K., Pinter, K., Pio, C., Raschi, A., Rogiers, N., Sanz, M. J., Stefani, P., Sutton, M., 327 ≠ Data for the two San Pedro meteorological stations were merged since they were located close to one another and totalled only 13 months of data. § TRMM calibrated rainfall (mm yr -1 ) from 1998 to 2012 (n = 180 months) was determined for each meteorological station as described in the text. Data in parenthesis is rainfall corrected for wind-induced loss at 2.5% (Table S3) . UMCF = Upper montane cloud forest, LMCF = Lower montane cloud forest, LMRF = Lower montane rain forest, LTRF = Lower tropical rainforest. ^^ Aspect and slope were determined by using SRTM DEM at 90 m x 90 m resolution. n = available months of meteorological station data. Tmax = mean max daily temperature averaged monthly RHmin = mean daily minimum relative humidity averaged monthly, ^ estimated RHmin using dry and wet bulb temperatures assuming atmospheric pressure was 1013 hPa, and Rn = mean daily net radiation averaged monthly. * Photosynthetic active radiation (PAR) (μmol PAR m -2 s -1 ) was converted to estimate Rn by first dividing it by 2.1 to convert it to solar radiation (Rs) (W m -2 ) (Monteith and Unsworth, 2013) and then converted to Rn. Solar radiation was converted to estimate net radiation (Rn) by multiplying Rs by 0. Table S2 for descriptions). *Rainfall loss due to wind around the rain gauge was estimated based on equations 1 and 2 from (Holwerda et al., 2006) . Uncertainties are propagated 1 errors. Dry-wet 2.6 4.6 (9) 5.6 (13.5) 1.9 (18) Annual 4.7 8.4 (100) 6.9 (100) 1.8 (100) Seasonal contribution as percentage of total annual in parenthesis. ^ Catchment-wide rainfall is reported for February 2010 to January 2011 and includes wind-induced rainfall loss (Table S3) 
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